Industrial Materials for the
Future (IMF) R&D Priorities*

Richard Silberglitt
Jonathan Mitchell

RAND
September 2001

* Condensed version of the documented briefing RAND DB-364-NREL (in press)

RAND



Industrial Mater
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Objectives of the Study

* ldentify materials research needs to meet the
goals and objectives of the Industries of the
Future and that are consistent with the mission
of the IMF program.

* Describe materials performance goals and
challenges and the benefits to the Industries of
the Future.

* Prioritize IMF materials research activities to
achieve the performance goals and benefits.
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Industrial Materials for
the Future Mission

 Research, design, develop, engineer, and test
new and improved materials, as well as more
profitable uses of existing materials.

 Focus is on longer-range needs of Industries of
the Future.

 Does NOT fund mature materials technologies
that compete for OIT industry team funds.

Classes of Materials with Suites of Properties Beyond
Capabilities of Commercial Materials
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Schematic View of
IMF Research
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Intermetallic Alloys:
An Example Path
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Industrial Materia
for the F

atrix-Building Methodology

* High-priority R&D needs and performance targets
taken from Industries of the Future roadmaps

— Additional input from NMAB report on materials needs for
Industries of the Future

— R&D designated as near, mid, or long term when so defined
in roadmap

« Office of Science, IMF, and OIT industry teams’
R&D projects placed

— According to relevance to R&D needs, performance targets, or
both
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Industrial Materials

““High-Priority R&D Needs

High-Priority
High-Priority Needs Materials Needs in Needs in Matrix that Core Research Multiple-Industry
in Roadmap Roadmap Needs in Matrix* Fit IMF Mission Priorities Research Priorities
Aluminum 27 22 23 11 9 5
Glass
30 23 31 18 10 4
Steel N/A** N/A** 30 13 8 6
Metal casting 24 19 27 9 9 7
Chemicals 41 27 33 17 10 6
Petroleum 44 30 36 13 8 4
Forest products 37 14 39 10 10 7
Agriculture 52 7 28 6 5 2
Mining % %k
N/ N/ 30 13 6 4

*Up to 3 needs added from NMAB report per industry.
**High-priority needs not identified by steel and mining industries.
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Matrix Building

for the Future

Materials needs
4« Pplaced in industry-
defined categories

Materials Needs Category

R&D Ne e d from

National Mate rials Near- In the matrixs colors
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. or long term
commentin
pertinent cell

OS, IMF, and VT columns
represent organization
with project(s) that address
R&D need and/or
performance target

'\ Horizontal lines
represent projects that
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performance targets

-IMF project (EMaCC #)

Performance Targets
Targets taken from Indus try Roadmap
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In the matrix, green cells

Performance Vertical lines represent projects that
targets taken from represent projects specifically address both
roadmaps that generally performance target and

R&D need
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Aluminum R&D Periorities awmu
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Aluminum R&D Priorities

High Caustic
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Industrial M

for the

~ Aluminum R&D Priorities

» High-temperature materials, including refractories
« Casting

« Advanced forming

* Tool and die materials

« Databases and modeling

« Joining and welding

« Materials for highly caustic environments
* Rolling and extrusion
* Products and microstructure processing

NOTE: As of this writing, IMF is addressing the areas in plain type but not those in italics.
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Industrial Materials
for the Future

Summary of R&D Priorities

Aluminum
*High-temperature materials, including refractories
«Casting
*Advanced forming
*Tool and die materials
*Databases and modeling
+Joining and welding
*Materials for highly caustic environments
*Rolling and extrusion
*Products and microstructure processing

Glass
*High-temperature materials database
*Robust nonrefractory materials
*Hot glass contact materials
*Improved refractories
*Improved heat-recovery materials
*Coatings
*Multiple sensor needs
*Glass melting and forming models
*Surface and interface properties

*Use of microwaves and ultrasonic means of controlling

Glass Shape

Steel
*Wear-resistant materials
*High-temperature materials and refractories
*Coating properties, processing, and applications
*Tooling
+Joining
*Process modeling
*Refractory repair (cokemaking)
*Energy-saving processes

Metal Casting
*Computer design tools
*Mold and die fill modeling
*Casting (properties, microstructure, and processing)
*Dies and coatings
*Refractories
*Reduced emissions
+Joining of new alloys
Testing standards
*Waste stream treatment, recycling, and use

Chemicals

*Ceramic and composite reliability and performance data

*High-temperature materials, including refractories

*Erosion- and corrosion-resistant materials and coatings

*Materials for separations

Joining, including oxide dispersion strengthened (ODS)

superalloys

*Thermophysical, kinetic, and mechanical materials data

*Stress-corrosion cracking of construction materials
*NDE for fracture toughness

*Surface chemistry modeling

*Composition-corrosion relationships for carbon steel

Petroleum
*Membranes
*Catalysts
*Combustion and yield modeling
*Fouling-resistant materials and coatings
*Computational catalyst design
*NDE and inspection
*Corrosion monitoring
*In situ residual stress measurement

Forest products
*Separation technologies
*High-temperature materials, including refractories
*Erosion- and corrosion-resistant materials
*Welding
*Databases and modeling
*Environmentally conscious treatments
*Drying and pressing
*Databases and modeling
*Sensor materials
*Adhesives
*Waste and by-product treatment, extraction, and use

Agriculture
*Separation technologies
*Materials for harvesting equipment
*Materials for new reactors and fermentation
*Materials for biocatalysis
*Standards & product quality

Mining
*Wear-resistant materials
*Physical separation

*Process modeling and simulation

*Mineral characterization

*Membrane systems

*By-product characterization, recycling, and use




I Mate

|dentification of IMF Multiple Industry and
Core Research Areas

 IMF multiple-industry research areas are the
common research priorities derived from the
individual IOF performance target-research need
matrices

* |IMF core research areas are those in which
advances and accomplishments will support and
feed the common research priorities
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Research priority areas

Industrial Materials
for the Future

Aluminum

Corr-, eros-,
wear-resist
materials

Databases
and modeling

High-temp.
mats. &
Refractory

IMF Multiple-Industry
R&D Priorities

Industries of the future

Metal Forest
Glass Steel casting Chemicals Petroleum products Agriculture Mining

Membranes &

phys.
Separations

Joining &
welding

Coatings

Waste &
byproduct
treat, use

Casting,
tools & dies
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IMF Core Research Areas

Database development

High temperature properties

Wear, erosion, and corrosion resistance
Processing-properties relationships

Modeling of processing, forming, and deposition
Separation methods

Materials for sensors

Materials chemistry

Surfaces, interfaces, and joining

Provide opportunities for new materials and processing
technologies to achieve IOF performance targets
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Research priority areas

Industrial Materials
for the Future

Sensor Materials

Testing and
Standards

Corr./Eros./Wear
-Resistant Mats.

Databases and
Modeling

High-Temp.
Mats. and
Refractories

Membranes and
Physical
Separations

Waste and
Byproduct
Treat/Use

IMF Multiple Crosscutting
Programs and Supporting-Industry
R&D Priorities

Programs and industries
Welding and
Sensors Combustion Heat Treating Joining Forging
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Next Steps

 Describe materials performance goals and the
technical challenges to achieving them, as well
as the benefits to the Industries of the Future.

* Prioritize IMF research activities to achieve the
materials performance goals; emphasize filling
the gaps between basic research programs and
the OIT industry teams.
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